The aim of this research was to develop the learning process of Scientific Imagineering through Augmented Reality (AR) in order to enhance STEM literacy. The research methodology was divided into two phases: 1) the documents in the Imagineering process, the Scientific process, and the AR learning environment were synthesised to develop the learning process of Scientific Imagineering through AR to enhance STEM literacy; 2) the suitability of the learning process of Scientific Imagineering through AR in order to enhance STEM literacy was evaluated by 10 experts who hold doctoral degrees, work as university lecturers and have at least 10 years' experience. The experts consisted of four experts in STEM disciplinary subjects, three experts in science education and three experts in technological education. The results showed that the learning process of Scientific Imagineering through AR to enhance STEM literacy consisted of the learning process of Scientific Imagineering and the AR learning environment. The learning process of Scientific Imagineering consisted of the six following steps: 1) imagine; 2) study and research; 3) design; 4) develop; 5) present; and 6) evaluate. The AR learning environment consists of six factors: 1) flexibility; 2) user's reaction; 3) educational efficiency enhancement; 4) learning convenience; 5) motivation building and 6) collaborative learning encouragement. According to the evaluation from the experts, it was shown that the experts strongly agreed on the developed learning process of Scientific Imagineering, the AR learning environment, and the learning process of Scientific Imagineering through AR can develop STEM literacy.
I. INTRODUCTION
It is generally known that the current technology is evolving us towards a society of information or a knowledge society [1] . Social and economic development requires an education system provide young people with the skills and abilities that enable them to benefit from the emergence of new forms of social and economic development in order to contribute their knowledge to the system's core assets. These twenty-first century skills and abilities are more related to the needs of the economic and social development model that has been emerging for more than a century than what was suitable for the industrial society in the past [2] . The traditional view of literacy has generally covered the ability to read and write. However, today's literacy means more than this [3] . This change was caused by the way technology has increased the intensity and complexity of the literate environments, together with the requirements of the twenty-first century for a person to have the capacity to perform a wide range of knowledge skills by understanding these diverse, energetic and malleable characteristics [4] . The National Council of Teachers of English state that a person who wishes to be completely successful in a global society in the twenty-first century must be able to: 1) develop abilities and fluency with the tools of technology; 2) create international links across multiculturalism and relationships with others in order to define and solve problems cooperatively and strengthen the idea of independence; 3) design and share information for the global communities to meet a variety of purposes; 4) simulatenously manage, analyse, and synthesise a flow of diverse information; 5) create, critique, analyse, and evaluate multimedia texts; and 6) be collaborative in ethical responsibilities imposed by these complex environments [4] .
A. Scientific Imagineering
Imagineering is a compound word, a combination of the two main words "imagine" and "engineering" [5] . Its history begins in 1942. Alcoa, the leading manufacturer of aluminum, used the word "Imagineering" in the company's aluminum advertising products, to show confidence in the power of the imagination of engineers in developing innovative uses of aluminum. It was also to describe the production of aluminum at low prices, its diversity, and the fact that it enabled people to use aluminum everywhere. As has been said, "Imagineering is letting your imagination soar, and then engineering it down to earth" [6] . After about a decade, Walt Disney's company studied Imagineering and developed it as a job skill by founding Walt Disney Imagineering (WDI) as the engineering department, which was responsible for the development and creation of the well-known Disneyland. This department uses the boundless imagination and creative engineering of Imagineers, who are full of creativity and have the ability to endlessly innovate [7] [8] .
Imagineering can make fantasy a reality by creating what has not yet happened [9] . Currently, Imagineering is becoming increasingly important because of insufficient knowledge and skills. Imagineering can imagine and manage products and services that are useful for the consumers of tomorrow [7] . The Imagineering style of learning can offer various design principles that will be helpful in structuring a course's appeal, which exposes students to the real and the tangible [9] . Imagineering can also be applied in engineering fields such as education, business and urban planning [9] , [10] , [11] . For the education aspect, it can be said that the learning process of Imagineering refers to the learning process of idea management and inspiration, sparking a strategic and creative framework in order to enable the initiative of currently unavailable fan-PAPER THE LEARNING PROCESS OF SCIENTIFIC IMAGINEERING THROUGH AR IN ORDER TO ENHANCE STEM LITERACY tasies and dreams to become a reality with the act or invention to be used in everyday life, by either an individual or a group [9] , [11] , [12] , [13] , [14] , [15] , [16] .
The scientific approach is a common format used for describing the process of scientists in the scientific quest [17] , in which scientists ask and answer questions using a particular set of steps. This process can be adopted to create a scientific experience that is comprehensive and meaningful for students. At every step of the way, students conceptualise scientific support related knowledge because, in each step, students can use a variety of skills to discover new information about the concept of learning [18] .
The learning process of Scientific Imagineering is a process of learning science. It is similar to the process of an Imagineer, who innovates and creates a miracle [19] . This is the output required of students in education in the twenty-first century in order for them to be successful in work and life. This is in accordance with the Framework for twenty-first century learning to determine the Imagineering emphasising the brain functioning in the left and right hemispheres [20] . Thus, in the development of the learning process of Scientific Imagineering will lead students to be successful in work and life in the twenty-first century.
B. Augmented Reality
Augmented Reality (AR) technology is a kind of Virtual Reality (VR) that allows the user to view the real world and a 3D virtual object that overlaps or combines with the real world [21] . Users are therefore able to combine the physical environment with the computer-designed virtual environment [22] . Additional digital input could be 2D or 3D, such as an audio file, video or alphabetical information from which the users can gain additional information in the real world [23] .
Pence has categorised the currently used AR into two main categories: 1) markerless AR, which applies the position date by telephone and vision detection to indicate the position and overlap the digital information, and 2) marker-based AR, which requires a specific label, such as a barcode, to identify a location [24] . Similarly, Cheng and Tsai categorised AR into 1) image-based AR and 2) location-based AR [25] .
The advancement of current technology can escalate the effectiveness of AR yet reduce the size of related AR equipment such as smart-phones. Therefore, there is the possibility of using more AR in the future, especially within education [26] . The main advantage of AR, compared to traditional teaching methods, is that the learner can see and listen to additional information in digital form. Furthermore, it is also possible for learners to listen repeatedly [27] . Researchers have continuously developed educational AR, especially AR for the study of sciences or science education. Cheng and Tsai have reviewed research about the use of AR in the study of science and they found that learners' spatial ability, practical skills and conceptual understanding are often increased by image-based AR and location-based AR, which usually support inquiry-based scientific activities [25] .
One of the most powerful technological developments within the last decade has been AR learning environments, which enable learners to use virtual objects in the real world [28] . The AR learning environment integrates real and virtual teaching environment and virtual teaching in a student-friendly and engaging manner. Tangible interfaces are the media used to enable students to examine and experiment with the virtual teaching material in a natural manner [27] . In AR, the real environment must be harmonised (and synchronised) with the virtual in position and context in order to provide an understandable and meaningful view [29] .
C. STEM literacy
STEM is the abbreviation of science, technology, engineering and mathematics. The abbreviation was first used in 2001 by Judith A. Ramaley of the National Science Foundation. At present, STEM refers to an educational curriculum that integrates the fields of science, technology, engineering and mathematics. Ramaley defines STEM as the academic pursuit of learning in the context where students can resolve problems in the real world through the creation of opportunity and search for innovation [30] .
STEM education is a programme for studying science, technology, engineering and mathematics in order to define the main objective of supporting or strengthening the rigid study of science, technology, engineer and mathematics from primary and secondary school up to the doctoral level, including adult education [31] , both formally, PAPER THE LEARNING PROCESS OF SCIENTIFIC IMAGINEERING THROUGH AR IN ORDER TO ENHANCE STEM LITERACY such as in a classroom, and informally, as in a post-school programme [32] . STEM study is an input that is prepared for learners where STEM literacy is an outcome that increases learners' development in knowledge, skills and attitude [33] .
STEM literacy is important for students as a step towards their future career. It is at the core of the essential skills needed in the twenty-first century in order for the students to become high-level problem resolvers, innovators, technologists and engineers and to create an educated population [34] . STEM literacy refers to an individual's ability to apply his or her understanding of how the world works within and across four interrelated domains. STEM literacy does not simply mean achieving literacy in these four strands or silos [35] .
II. OBJECTIVE
The purpose of this research was to develop the learning process of Scientific Imagineering through AR in order to enhanced STEM literacy.
III. METHODOLOGY
The research methodology was divided into the two following phases;
Phase 1 The steps of designing the learning process of Scientific Imagineering through AR in order to enhance STEM literacy were as follows:
1) Complete a review of related literatures on the Imagineering process written by [8] , [9] , [16] , [36] , [37] , [38] , [39] , [40] and [41] and those in the scientific process by [17] , [42] , [43] and [44] to create a new learning process called the learning procee Scientific Imagineering.
2) Synthesise documents in the AR learning environment, consisting of [23] , [46] , [47] , [48] , [49] , [50] , [51] and [52] .
3) Develop the learning process of Scientific Imagineering through AR in order to enhance STEM literacy, consisting of learning process of Scientific Imagineering and AR learning environment.
Phase 2
The steps of evaluating the suitability of the learning process of Scientific Imagineering through Augmented Reality in order to enhance STEM literacy were as follows:
1) Create a tool for evaluating the suitability of the learning process of Scientific Imagineering through AR in order to enhance STEM literacy.
2) Propose the development of the learning process of Scientific Imagineering through AR in order to enhance STEM literacy to 10 experts who hold doctoral degrees, work as lecturers at universities and have at least 10 years' a relevant. These experts would consist of four experts in STEM disciplinary subjects, three experts in science education and three experts in technological education, who would consider and evaluate the suitability.
3) Analyse the results of the evaluation of the suitability of the learning process of Scientific Imagineering through AR in order to enhance STEM literacy by using the mean ( ) and standard deviation (S.D.). The five-point Likert scale would be used to determine the weight of assessing the appropriateness of the activity.
IV. RESULTS
Documents in the Imagineering process and the scientific process were synthesised. The Imagineering process and the scientific process were synthesised to create a new learning process called the Scientific Imagineering process.
According to Table I , the synthetic learning process of Scientific Imagineering consists of six steps: 1) imagine; 2) study and research; 3) design; 4) develop; 5) present; and 6) evaluate. Each step is detailed below.
To imagine is the first step of the learning process of Scientific Imagineering. It is the beginning of the inspiration process, in which Guzdial and Tew suggest using with interesting stories [9] to inspire students to learn. Students observe things and find something compelling within them; and teachers can help them to define and explain what they observe [43] . Questioning is the procedure to be used. The question is an important characteris- [17] , and the question; can be research driven. Brainstorming is a key aspect of Imagineering, in order to create a fantasy called "Blue Sky" as a state of mind without frame, where nothing is impossible. This helps children think of an idea to innovate without having to worry about whether it can happen or not [45] . Prosperi has suggested four brainstorming rules of Imagineering: 1) there is no idea that is impossible; 2) never ask the question "Why not" because there is plenty of time for the truth and we do not want to stop a good idea right now; 3) there is nothing to stop the flow of ideas apart from the words "but" or "could" or other words that stop thinking. Instead, use words such as "and" and "or" and questions such as "What will happen if…?"; and 4) there is no useless idea [37] .
Study and research is a step in the quest for knowledge. It starts with the assumption that education is supposedly about something that will happen in a trial on the basis of research [42] . To make an assumption is to use deductive reasoning [44] , which teachers will help students apply to what they observe; students will use their background knowledge to speculate about the answer [43] . The method for carrying out the study is via a variety of activities in order to choose the question, confirm validation, prepare material and collect data [17] . Teachers will pay attention to details in the lecture and prepare the learning equipment that students can apply to their own work [9] . AR is an educational technology that encourages students to learn more and further with flexible context deployment and it creates a variety methods for different learning [46] . Students can participate in activities that help them to answer questions, whereas teachers encourage students to participate in the formation of research questions, descriptions, model finding, comparison, collocation, measurements, and data management [43] . An examination of the results was conducted to ensure the correctness of information through repeated study, in order to reflect on the findings and link them to evidence that is already known [17] .
Design is an initial process of changing concepts into reality [37] . D'Uva suggests that the process of the design project of Imagineering is as follows: 1) draw and write ideas on the board. The details of the idea should be as specific as possible but might not be complete; 2) present ideas to colleagues with confidence and clarity; 3) vote for the best idea; and 4) design the selected concept until completion [41] . The complete result of this process includes elevations, blue-prints, specification, plans, colour boards, etc. In the case of the study design, the result will be document design, detailed layout and the test plan [37] .
Development is the process of bringing things from the design stage to create a real piece of work [9] . Nilsook and Wannapiroon state that the development process consists of creation and testing [36] .
Presentation is the step in which students present their finding(s) to each other. The teachers can use various methods or types of media to allow the transferal of students' ideas [43] and to describe their processes and the technique of creating such products [44] .
Evaluation is the step of making recommendations. Students should be able to suggest appropriate advice that they have developed or gained in completing their project, either from their work process or from product quality investigations. Students need to learn from previous case studies that have offered concrete results. Their selfmotivation will provide knowledge, which will remain with them [40] .
The learning process of Scientific Imagineering is reproducible (the steps need to be repeated until all are done properly), with the purpose of applying the knowledge and insight gained to new tools to improve learning [39] , leading to the expansion of student learning by eliciting new questions emerging from the attention of students [43] .
The synthesis of documents in the AR learning environment, consisting of [23] , [46] , [47] , [48] , [49] , [50] , [51] and [52] is shown in Table II .
Based on the literature review of the AR learning environment, AR has six important characteristics: 1) flexibility; 2) interactivity; 3) educational efficiency enhancement; 4) learning convenience; 5) motivation building; and 6) collaborative learning encouragement. Flexibility: various AR learning environments could be used through various media such as desktops, mobile devices and smart-phones. It is possible to apply and adapt various learning situations and contexts [46] , [47] . Teachers can apply AR in accordance with the needs of the curriculum and individual students [48] . AR will support students in bridging formal and informal learning [52] .
Interactivity: the AR learning environment supports smooth relations between real and virtual environments [49] , allowing students to control the process and add and reduce the factors in the AR-based experiment in order to gain different results from different experiments [48] .
Learning efficiency enhancement: AR can be used for enhancing the effectiveness of content and teaching in the traditional style, including extending the context outside the classroom [47] rather than just using textbooks [48] . AR can also assist learners in understanding details [50] with a shorter learning time [46] . Research indicates that content learned through AR experiences is memorised more strongly than through non-AR experiences [51] because AR can assist students in viewing the lesson in 3D form [52] .
More convenient learning: students can use AR as a tool for learning anywhere and anytime [46] . Also, teachers can use AR to demonstrate in their teaching more comfortably, as just a card with a special mark is needed, rather than overweight equipment or unnecessary tools, and this helps to prevent any unexpected incident and loss [48] .
Motivation building: AR can take a virtual object into the real environment and make abstractions into realistic, ordinary things. This increased liveliness raises students' enthusiasm and pioneering sense, including an independence of study that will increase students' creativeness and imagination [48] . It also encourages students to learn more frequently [46] .
Collaborative learning encouragement: the AR learning style can prompt and improve cooperation [51] both among students and between teachers and students [23] .
According to the learning process of Scientific Imagineering and AR learning environment synthesis, it is possible to present the learning process of Scientific Imagineering through AR in order to enhance STEM literacy, as shown in Figure 3 . Figure 3 reveals that the learning process of Scientific Imagineering by AR to enhance STEM literacy consists of the learning process of Imagineering and the AR Learning Environment in such a way that AR can be used throughout the process of learning Scientific Imagineering, which will increase students' STEM literacy levels.
The results of the suitability of the learning process of Scientific Imagineering by AR to enhance STEM literacy, as evaluated and certified by 10 experts are as follows: Table III show that the experts agreed on every step of the learning process, choosing "strongly agree". The table shows that there is a belief that learning begins with the imagination, as Einstein said that imagination is more important than knowledge. For the process of education and research, it is a process of inquiry, which is a way to learn the skills and knowledge for understanding and creation in the midst of rapid technological change [53] . In addition, the learning process of Scientific Imagineering is converted from tacit knowledge into working knowledge [54] . Table IV show that the experts agreed on the attributes of the AR learning environment. This demonstrates the potential of AR in that it has proved to be an engaging way for students to participate in their learning. This new technology enables the current learning to be studentcentred and it creates opportunities for collaboration that fosters a deeper understanding of the content [55] . Table V shows that the experts agreed that STEM literacy can be developed using the learning processes of Scientific Imagineering by AR, by choosing "strongly agree". This is because the learning process of Scientific Imagineering is a learning process in accordance with STEM classroom characteristics that promote the skill of higherorder thinking, problem solving and intellectual curiosity and it allows students to communicate ideas and information effectively and creatively [56] , drawing students PAPER THE LEARNING PROCESS OF SCIENTIFIC IMAGINEERING THROUGH AR IN ORDER TO ENHANCE STEM LITERACY away from learning by rote conventional processes and toward a method that allows them to examine and question aspects of the world [35] , which encourages students to become high-level innovators, technologists, engineers and people who have knowledge [34] .
V. CONCLUSION
According to the document analysis that is associated with the process of Imagineering and science, together with AR in education, it was found that the learning process of Scientific Imagineering by AR to enhance STEM literacy consists of the learning process of Scientific Imagineering and the AR learning environment. The process of Scientific Imagineering consists of six phases: 1) imagine, which means to inspire students to learn through the observation of interesting things and includes setting the question of the nature of scientific inquiry. Brainstorming is an important characteristic of Imagineering; 2) study and research, beginning from an hypothesis that led to the study or testing it as the basis of research; 3) design: the first step of turning ideas into reality; 4) develop, which means working with something from the design stage to create a real piece of work; 5) present in order to share findings; and 6) evaluate and give a suggestions for the development of the process and the product.
The AR learning environment consists of six aspects: 1) flexibility; 2) user's reaction; 3) learning efficiency enhancement; 4) learning convenience; 5) motivation building; and 6) collaborative learning encouragement.
According to the evaluation from the experts, it was shown that the experts strongly agreed on the developed learning process of Scientific Imagineering, the AR learn-ing environment, and the learning process of Scientific Imagineering through AR can develop STEM literacy.
